
Applicant ; 
Appi . No , 
Filed: 
For: 



PATENT 
2921-0143P 



IN THE U.S. PATENT AND TRADEMARK OFFICE 
Nils MARTENSSON et al . Conf . : 

10/602,832 Group: 
June 25, 2 003 Examiner: 
SEMI -SUBMERSIBLE OFFSHORE VESSEL 



LETTER 



September 9, 2003 



Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

Under the provisions of 35 U.S.C, § 119 and 37 C.F.R. 
§ 1.55(a), the applicant(s) hereby claim(s) the right of 
priority based on the following application (s) : 



Country 
SWEDEN 



Application No. 
0301646-6 



Filed 
June 4, 2 0 03 



A certified copy of the above-noted application (s) is (are) 
attached hereto. 

If necessary, the Commissioner is hereby authorized in 
this, concurrent, and future replies, to charge payment or 
credit any overpayment to Deposit Account No. 02-2448 for any 
additional fee required under 37 C.F.R. §§ 1.16 or 1.17; 
particularly, extension of time fees. 




Attachment (s) 



Respectfully submitted, 
BIRC^, STEWART^ KOLA^CH & BIRCH, LLP 



By. 



A 




>e McKmney Mun^y, #32,334 



P.OM Box 747 
Falls Church, VA 22040-0747 
(703) 205-8000 



(Rev. 04/29/03) 



Nil 6 M^v+ens^on e^foSL 
PO\/ ^^^^ as o3 

PATtNT'OCH REGISTRERINGSVERKET C/jOiJ c?^05 ' ?000 

Patentavdelningen I ^ I 

Intyg 

Certificate 

^ Q J ^ Harmed intygas att bifogade kopior overensstammer med de 

^ handlingar som ursprungligen ingivits till Patent- och 

^ registrar ingsverket i nedannamnda ansokan. 

^1 This is to certify that the annexed is a true copy of 
to the documents as originally filed with the Patent-- and 




^ Registration Office in connection with the following 
^ patent application. 



(71) Sokande QVA Consultants RB, Gbteborg SE 

Applicant (s) 



(21 ) Patentansokningsnummer 0301646'6 
Patent application number 



(86) Ingivningsdatum 2003^06-04 
Date of filing 



Stockholm, 2003-06-24 



For Patent- och registrar ingsverket 
For the Patent- and Registration Office 

Rerstin Gerden 
Avgift 

Fee 17(7/ - 



PATENT- OCH 
REGISTRERINGSVERKET 

SWEDEN 



Postadress/Adress Tel eton/ Phone 

Box 5055 +46 6 762 25 00 

S-102 42 STOCKHOLM Vx 08-762 25 00 



Telex 
17976 

PATOREG S 



Telefax 

+46 6 666 02 66 
06-666 02 86 



KKU'J m.ZU 04.u6.''j3 ID:SrRon 8c GULLlKSoUN IP ftB FftA: 46317790640 

. . . 463 1 7790640 



SI DA 



8/ as 



Pl6792SE00.ale 



Wtt Patent- ochreg-verkel 
2003 -06- 0 4 



2003-06-04 



r 

10 
15 
20 
25 
30 
35 



A seml-submersible offshore vessel 
TECHNICAL FI£LD 

The present invention relates to a semi-submersible offshore vessel of a type used 
for deep water offshore operations such as oil and gas exploration, drilling and 
production. The invention introduces a novel way of minimizing motions, and 
primarily the vertical motions of the vessel, in order to reduce metal fatigue In - for 
example - riser pipe structures. The vessel exhibits a substantially rectangular ring- 
pontoon, at least four support columns and an upper deck structure positioned upon 
said support columns. The offshore vessel may for example be provided with 
hydrocarbon processing equipment and/or accommodation quarters. 

BACKGROUND 

In deep water offshore operations such as oil and gas (hydrocarbon) exploration, 
drilling and production, a semi-submersible offshore vessel of the type described 
above. Is connected to sub-sea wellheads and other Installations via a system of 
several so called riser pipes. Drilling operations as well as seabed-to-surface 
transportation of hydrocarbons (referred to as '"production") are effected through 
such riser pipes. Since these vessels often operate at considerable depths, the riser 
pipes of considerable length - often several thousand meters long - are used. 
Production riser pipes are often made of steel, so called Steel Catenary Risers (SCR), 
and are sensitive to metal fatigue as the pipes are subjected to forces and motions 
caused primarily by the wave excited vertical motions of the semi-submersible 
offshore vessel. 

Several designs adapted to primarily minimize vertical motions of offshore vessels 
are previously Known. These designs, however, concentrate on minimizing the 
vertical motion of the vessel in general, the vertical motion generally being the 
predominant sea-induced motion in deep sea operational areas with long wave 
period ranges above 10 seconds. 



HKUb NK/£^14 04.06. -03 12:36 IDoFRoH & GULLIKboON IP AB FAX : 4631 7?S'j640 SIDA 9/ 3^^ 

46317790640 

Wc t Patent- och reg.verket 
^ 2003 -06- 0 4 

Hyyudfaxsn Kaiaon 

The applicant has found that the greatest problems with riser pipe fatigue are 
encountered at shorter wave period ranges below 7-8 seconds. 



5 SUMMARY OF THE INVENTION 

The above mentioned problem is solved by concentrating the motion reducing 
measures to one end of the vessel hull, with the objective to locally minimize the 
vertical motions within the wave period range below 7-8 seconds at this end. In 
10 order to do this, both the vertical translation (heave) and the rotation (pitch or roll) 
multiplied with the lever arm from the center of rotation has to be minimized. The 
Inventive approach Is to: 

• move the center of rotation towards one end of the vessel. 

balance the wave exciting forces In heave and pitch in order to 
15 obtain as much counteracting wave forces as possible. 



This Is achieved by rendering one end of the vessel (below referred to as the second 
end) rotationally "stiff" by providing the support columns in a second column pair 
with relatively large water-plane areas. In combination with a relatively slender 

20 configuration of a corresponding second transversal pontoon section, which results In 
low exciting forces in the vertical direction at the second end compared to the first 
end of the vessel. The first end, on the other hand, is rendered rotationally ''weak" 
by providing the support columns in the first column pair with relatively small water- 
plane areas, In combination with a relatively wide configuration of the first 

25 transversal pontoon section - which results in higher exciting forces in the vertical 
direction at the first end. 



The Invention thus provides a semi-submersible offshore vessel according to the 
appended claim 1. The vessel exhibits a first end, for example constituting the 
30 forward end of the vessel, and a second end, for example constituting the aft end of 
the vessel - or vice versa, said vessel comprising: 

- a substantially rectangular ring-pontoon Including a first transverse pontoon section 
located at the first end of the vessel; a second transverse pontoon section located at 
the second end of the vessel, said second transverse pontoon section being parallel 
35 to the first transverse pontoon section, the ring-pontoon further Including two 
mutually parallel longitudinal pontoon sections extending between said first and 
second end of the vessel; 
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- at least four support columns extending upwardly froni respective edge-portions of 
said ring-pontoon/ said support columns being arranged in a first column pair located 
at Che first end of the vessel and a second column pair located at the second end of 
the vessel; 

5 - an upper deck structure positioned upon said support columns. 
The Invention is particularly characterized In that: 

- the first transverse pontoon section has a vertical mean cross-section area which 
exceeds the corresponding vertical mean cross-section area of the second transverse 
pontoon section, and 

10 - the support columns in the second column pair each has a water-plane area which 
exceeds the water-plane area of each of the support columns in the first column pair. 

In a suitable embodiment, the square root of the water-plane area of the support 
columns in the first column pair Is less than the longitudinal mean width of the first 
15 transverse pontoon section. 

In one embodiment of the invention, the square root of the water-plane area of the 
support columns In the second column pair exceeds the longitudinal mean width of 
the second transverse pontoon section, 

20 

In one embodiment, the second transverse pontoon section has an outer side which 
at least at pontoon top level is aligned with transverse outer sides of the columns in 
the second column pair, and an inner side which at least at pontoon top level is 
aligned with a transverse Internal bulkhead within said columns In the second column 
25 pair. 

In a versatile embodiment, the support columns In the first column pair each has: 

- a transverse outer side which at least at pontoon cop level is aligned with an outer 
side of the first transverse pontoon section, and 

30 - a transverse Inner side which at least at pontoon top level is aligned with a 
transverse internal bulkhead within said first transverse pontoon section. 

In another embodiment, the support columns in the first column pair each has; 

- a transverse oucer side which at least at pontoon top level Is aligned with a 
35 transverse internal bulkhead within said first transverse pontoon section, and 

- a transverse Inner side which at least at pontoon top level is aligned wich an Inner 
side of the first transverse pontoon section. 
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Advantageously, the first transverse pontoon section has a vertical mean cross- 
section area which exceeds the corresponding vertical mean cross-section area of the 
second transverse pontoon section by a factor of between 1,5 and 4.0^ preferably 
5 between 2.0 and 3.0. 

Suitably, the second transverse pontoon section has a vertical mean cross-section 
area which exceeds the corresponding vertical mean cross-section area of each of 
the two longitudinal pontoon sections, 

10 

In an advantageous embodiment/ the support columns in the second column pair 
each has a water-plane area which exceeds the water-plane area of each of the 
support columns in said first column pair by a factor of between 1.3 and 2.5, 
preferably between 1.5 and 2.0. 

15 

In an advantageous embodiment, the support columns are Inclined upwardly and 
substantially radially inwardly from the ring-pontoon to the upper deck structure 
towards a vertical centerline of the vessel. Preferably, the edge portions of the ring- 
pontoon each has a horizontal mean cross-section area which equals or exceeds the 
20 corresponding water-plane area of the respective support columns. 

In one embodiment of the Invention, the edge portions of the ring-pontoon include 
narrowing transition cone elements adapted to bridge differences in cross sectional 
areas between pontoon sections and the edge portions, 

25 

In a favorable embodiment, the second transverse pontoon section has a height 
which exceeds Its width. 

Suitably, one or more steel catenary riser pipes are attached to said second pontoon 
30 section. 

w In one embodiment, a derrlcl< for performing offshore drilling operations may be 

positioned near the second end of the vessel. 

35 Other features and advantages of the Invention will be further described in the 
following detailed description of embodiments. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



5 



The Invention will now be described in greater detail by way of example only and 
with reference to the attached drawings, fn which 

fig. 1 shows a sinnpllfied perspective view of a semi-submersible 

offshore vessel according to a first exemplary embodiment of the 
invention; 

10 fig. 2 shows a simplified side view of an offshore vessel In substantially In 

accordance with the embodiment previously shown in fig, 1, on/y here 
the vessel Is provided with a derrick for performing offshore drilling 
operations; 

15 fig. 3 shows a top cross-sectional view of the vessel according to the first 

exemplary embodiment, taken along line Ill-ni In fig. 2; 

fig, 4 shows a diagrammatic cross-section of the first pontoon section, taken 

along line IV-IV in fig, 3; 



20 



35 



fig. 5 shows a diagrammatic cross-section of the second pontoon section, 

taken along ted line v-V In fig. 3; 



fig. 6 shows a diagrammatic cross-section of one of the side pontoon 

25 sections, taken along line VI-VI in fig. 3; 

fig. 7 shows a simplified front view of a vessel according to the first 

exemplary embodiment of the Invention; 

30 fig. 8 shows a simplified aft view of a vessel according to the first exemplary 

embodiment of the invention; 

fig. 9 shows a simplified side view of a vessel according to a second 

exemplary embodiment of the Invention; 



fig, 10 shows a top cross-sectional view of the vessel according to the second 

exemplary embodiment, taken along line X-X in fig. 9; 
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fig. 11 shows a simplified front view of a vessel according to the second 

exemplary embodiment of the invention; 

fig. 12 shows a simplified aft view of a vessel according to the second 
5 exemplary embodiment of the invention; 

fig. 13 shows a simplified side view of a vessel according to a third 

exemplary embodiment of the Invention; 



10 fig, 14 shows a top cross-sectional view of the vessel according to the third 

exemplary embodiment, tal<en along line XIV-XIV in fig. 13; 



fig. 15 shows a simplified side view of a vessel according to a third 
exemplary embodiment of the invention, and 

15 

fig. 16 finally shows a top cross-sectional view of the vessel according to the 

third exemplary embodiment, taicen along line XVI-XVI in fig. 15. 



20 DESCRIPTION OF EXEl^PLARY EMBODIMENTS 



In fig. 1, reference numeral 1 denotes a semi-submersible offshore vessel according 
to a first exemplary embodiment of the invention. The offshore vessel l exhibits a 
first end 2 or example constituting the forward end of the vessel 1, and a second end 
25 4, for example constituting the aft end of the vessel I - or vice versa depending on 
definition preferences due to some embodiments being essentially of a square 
configuration. 

The offshore vessel 1 Includes a substantially rectangular ring-pontoon 6. The term 
30 'VIng-pontoon" is here defined as a closed pontoon structure, which encloses a 
central opening 8. The ring-pontoon 6 includes a first transverse pontoon section 10 
located at the first end 2 of the vessel 1, and a second transverse pontoon section 12 
located at the second end 4 of the vessel 1. The second transverse pontoon section 
12 is parallel to the first transverse pontoon section 11. 

36 

Furthermore, the ring-pontoon 6 includes two mutually parallel longitudinal pontoon 
sections 14 extending between said first end 2 and second end 4 of the vessel 1. 
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Although the offshore vessel l essentially has the general shape of a square, when 
seen from above (see figs. 3 and 10), It still has - by traditional definition - has a 
forward end^ an aft end, a starboard side and a port side. However, in order to avoid 
unnecessary limitation of the scope of the appended claims, these terms have here 
5 been defined in more general terms. Thus In as a non-llmlting example, the first end 
2 may correspond to the forward end and the second end 4 may correspond to the 
aft end of the vessel l. The term 'longitudinal" is here defined as a direction 
extending from said first end 2 to said second end 4 or vice versa, whilst the term 
''transverse^' is defined as a direction perpendicular to said longitudinal direction. 

10 

In the shown example, four support columns 16, 18, 20, 22 extend upwardly from 
respective edge-portions 23 of said ring-pontoon 4. The support columns 16, IS, 20, 
22 are arranged in a first column pair 24 located at the first end 2 of the vessel l 
and a second column pair 26- located at the second end 4 of the vessel 1. The shown 
15 support columns 16, 18, 20, 22 each has a rounded, generally rectangular cross- 
section shape, but It Is to be understood that the support columns 16, 18^ 20, 22 
may alternatively have other cross sectional shapes, such as for example a generally 
circular or oval shape. 

20 An upper deck structure 28 Is positioned upon said support columns 16, 18, 20, 24. 
The upper deck structure 28 thus connects the support columns 16, 18, 20, 22 with 
each other in order to form a globally strong and resilient vessel design. 



The upper deck structure 28 of the embodiment shown In fig. 1 Includes a system of 
25 beams 30, arranged in such a way as to allow one or more operation modules to be 
placed upon or adjacent to the support columns 16, 18, 20^ 22 next to the beams 
30. The operational modules 32 are only schematically Indicated In fig. 1. It should 
be noted that this is only one of many applicable configurations of the upper deck 
structure 28. The operation modules may for example contain hydrocarbon 
30 processing equipment or accommodation quarters (not shown). 

As schematically shown In fig l, a key feature of the invention is that the first 
transverse pontoon section 10 has a vertical mean cross-section area A which 
exceeds the corresponding vertical mean cross-section area B of the second 
35 transverse pontoon section 12. Another key feature is that the support columns 20, 
22 in the second column pair 26 each has a water-plane area E which exceeds the 
water-plane area D of each of the support columns 20, 22 in the first column pair 24- 
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The term ''mean cross-sectional area" refers to a general mean value of the cross- 
sectional area along the length of the respective pontoon section or support column 
with respect to any eventual local deviations from the normal cross-sectional shape. 

5 The term ^Vater-plane area" of the support columns 16, 18, 20, 22 primarily refers 
to a water-plane area at or about the operational draught of the vessel 1, as 
illustrated by the horizontal operational draught wateriine 34 in fig. 2 and other 
figures. However, in the shown embodiments, the water-plane area D of each of the 
support columns 16, 18 in the first column pair 24 remain substantially constant 

10 along a vertical portion 36, as indicated by the double arrow to the right in fig. 2 and 
9 respectively. Correspondingly, the water-plane area E of each of the support 
columns 16, 18 in the second column pair 26 remain substantially constant along a 
vertical portion 38, which is indicated by the double arrow to the left In fig. 2 and 9 
respectively. Above and below the vertical portions 36 and 38, the support columns 

15 16, X8, 20, 22 may conveniently flare out somewhat so as to conform to the edge- 
portions 23 of the ring-pontoon 6 and the upper deck-structure 28, respectively. This 
relationship Is further Illustrated in fig, 1 by means of the lower water-plane areas 
and El respectively, wherein Di=D and Ex=E. In fig. 2, a storm draught wateriine 40 
Is also shown, at which the water-plane areas of the respective support columns 

20 equal the water-plane areas at said operational draught in accordance with the above 
description. 



Preferably, the square root of the water-plane area D of Che support columns 16, 18 
In the first column pair 24 is less than the longitudinal mean width Wl (as indicated 
26 in figs 2 and 9) of the first transverse pontoon section 10. 

Furthermore, the square root of the water-plane area E of the support columns 20, 
22 in the second column pair 26 exceeds the longitudinal mean width W2 of the 
second transverse pontoon section 12. 

30 

As can be seen In the perspective view of fig, 1, the edge portions 23 of the ring- 
pontoon 6 each has a horizontal mean cross-section area F which equals or exceeds 
the corresponding water-plane area D, E of the respective support columns 16, 18, 
20, 22. 

35 

As seen In the figures, the support columns 16, 18, 20, 22 are inclined upwardly and 
substantially radially inwardly from the ring-pontoon 6 to the upper deck-structure 
28 towards a vertical centerllne 42 of the vessel 1. More particularly, as shown in the 
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side view of fig. 2 and the front view in fig. 7, the support columns 16, 18, 20, 22 
are inclined Inwards with an inclination angle a both In the longitudinal direction and 
the transversal direction of the vessel 1. The inclination angle a may suitably range 
between 10- 15*^. 

6 

In both exemplary embodiments, the edge portions 23 of the support columns 16, 
18, 20, 22 Include narrowing transition cone elements 44 adapted to bridge 
differences In cross sectional areas between pontoon sections 10, 12, 14 and the 
edge portions 23. For example, the narrowing transition cone elements 44 are clearly 
10 visible in figs. 1 - 3, as well as in figs. 9 and 10. 



As is further shown in the figs, l and 2, as well as In other figures, several catenary 
riser pipes 46 are attached to said second pontoon section 12 at attachment points 
48 In a translation-fixed and rotationally elastic nnanner. The offshore vessel 1 is 

15 connected to sub-sea wellheads (not shown) and other Installations via these 
catenary riser pipes, and drilling operations as well as seabed-to-surface 
transportation of hydrocarbons are effected through the catenar/ riser pipes 46. 
Since vessels l of the shown type often operate at considerable depths, the catenary 
riser pipes often has a considerable length - often several thousand meters long. 

20 The catenary riser pipes 46 are often made of steel, and are sensitive to metal 
fatigue as the riser pipes 46 are subjected to forces and motions caused by the wave 
excited heave, roll and pitch movements of the semi-submersible offshore vessel 1, 
However, by positioning the catenary riser pipes 46 at or near the second transversal 
column 12, fatigue problems are minimized due to the favourable heave 

25 characteristics of the vessel 1 according to the invention. This Is due to the fact that 
the Inventive concept involves concentrating the motion reducing measures to the 
second end 2 of the vessel 1, with the objective to locally minimize the vertical 
motions within the wave period range below 7-8 seconds. In order to do this, both 
the vertical translation (heave) and the rotation (pitch or roll) multiplied with the 

30 lever arm from the center of rotation has to be minimized. The inventive approach is 
to move the center of rotation - which in fig. 2 is positioned along the vertical dash- 
dotted line 50 - towards the second end 2 of the vessel 1, and to balance the wave 
exciting forces in heave and pitch in order to obtain as much counteracting wave 
forces as possible. 

35 

This is achieved by rendering the second end 4 of the vessel i rotationally ^'stiff" by 
providing the support columns 20, 22 in the second column pair 26 with relatively 
large water-plane areas E, in combination with a relatively slender configuration of 



PROG NR. 214 04.06.^03 12:38 ID:STRon & GULLIKSoON IP AB FAX : 46317790640 SIDft 17/ 3c 

10 2003 -06- 0 4 



the second transversal pontoon section 12, which results In low exciting forces in the 
vertical direction at the second end 4 compared to the first end 2 of the vessel 1. The 
first end 2, on the other hand, is rendered rocationally '*weak" by providing the 
support columns 16, 18 in the first column pair 24 with relatively small water-plane 
areas D, In combination with a relatively wide configuration of the first transversal 
pontoon section 10 - which results in higher exciting forces in the vertical direction at 
the first end 1. 



If the vessel 1 is provided with a derrick 52 for performing offshore drilling 
10 operations, as shown In fig. 2 and 9 respectively, it Is advantageously positioned 
near the second end 4 of the vessel 1, in order to benefit from the locally reduced 
heave motions at this end 4. This positioning of the derrick 52 near the second end 4 
will thus facilitate drilling operations. 

15 With reference now primarily to the diagrammatical cross-sectional figs, 4-6, the 
mutual size relations between the pontoon sections 10, 12, 14 will be described. 
Thus, Advantageously, the first transversal pontoon section 10 - the cross-section of 
which is shown in fig. 4 - has a vertical mean cross-section area A which exceeds the 
corresponding vertical mean cross-section area B of the second pontoon section 12 

20 (shown In fig. 5) by a factor of between 1.5 and 4.0, preferably between 2.0 and 3.0, 
Furthermore, as seen in a comparison between figs. 5 and 6, the second transverse 
pontoon section 12 has a vertical mean cross-section area B which exceeds the 
corresponding vertical mean cross-section area C of each of the two longitudinal 
pontoon sections 14. 

25 

As Is further apparent from fig. 5, the second transverse pontoon section 12 has a 
height (H) which exceeds Its width, above referred to as its longitudinal mean width 

In an advantageous embodiment, the support columns 20, 22 In the second column 
30 pair 26 each has a water-plane area E which exceeds the water-plane area D of each 
of the support columns 16, 18 in the first column pair 24 by a factor of between 1.3 
and 2.5, preferably between 1.5 and 2,0. 

In the second exemplary embodiment of the invention, as shown in figs. 9 - 12, the 
35 second transverse pontoon section 12 and the two longitudinal pontoon sections 14 
have are displaced radially outwards when compared to the first exemplar/ 
embodiment shown in figs. 1-8. Since all other features remain substantially the 
same as in the first embodiment, the reference numerals used above also apply to 
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the second embodiment as well as the third and fourth embodiments described 
below. In the second embodiment, as may be clearly seen In fig, 10, the second 
transverse pontoon section 12 has an outer side 54 which at least at pontoon top 
level - Indicated by reference numeral 55 for the second transverse pontoon section 
5 12 - Is aligned with transverse outer sides 56 of the support columns 20, 22 in the 
second column pair 26. Further, an inner side 58 which at least at pontoon top level 
55 is aligned with a transverse internal bulkhead 60 within said support columns 20, 
22 in the second column pair 26. 

10 As Is further shown in figs. 2 and 9, the support columns 16, 18 in the first column 
pair 24 each has a transverse outer side 62 which at least at pontoon top level - 
indicated by reference numeral 55 for the first transverse pontoon section 10 - Is 
aligned with an outer side 64 of the first transverse pontoon section 10, This applies 
both to the first and the secood embodiment. 

15 

In the second embodiment of fig. 10, the longitudinal pontoon sections 14 each have 
an outer side 68 which at least at pontoon top level - Indicated by reference numeral 
70 for the longitudinal pontoon sections 14 - Is aligned with a respective longitudinal 
outer side 72 of the support columns 16, 18, 20, 22. Further, an inner side 74 of 
20 each longitudinal pontoon section 14 - at least at pontoon top level 70 Is aligned 
with a respective longitudinal internal bulkhead 76 within each of said support 
columns 16, 18^ 20, 22. 

In figs. 3 and 10, in order to more clearly Illustrate the different aligned sides and 
25 bulkheads described above, the base surfaces of respective support columns 16, 18, 
20, 22 are shown at the respective pontoon top levels 55, 63 as hatch markings, 
whilst the water-plane areas E/ D of the respective support columns are indicated 
with dashed lines and displaced radially inwards as a result of the inclination of the 
support columns 16, 18, 20, 22. 

30 

Figs. 7 and 11 respectively, show front views of the first and second exemplary 
embodiments. 

Figs. 8 and 12 respectively, show aft views of the first and second exemplary 
35 embodiments, in which the catenary riser pipes and their attachment points 48 are 
clearly visible. 
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In figs. 13-14^ a third exemplary embodiment of the invention is shown, wherein the 
support columns 16, 18 in the first column pair 24 each has: 

- a transverse outer side 62 which at lease at pontoon top level (indicated by 
reference numeral 63 for the first transverse pontoon section 10) Is aligned with an 

5 outer side 64 of the first transverse pontoon section 10, and 

- a transverse Inner side 66 which at least at pontoon top level 63 Is aligned with a 
transverse internal bulkhead 67 within said first transverse pontoon section 10. 



In figs. 15-16, a fourth exemplary embodiment of the Invention is shown, wherein 
10 the support columns 16, 18 In the first column pair 24 each has: 

- a transverse outer side 62 which at least at pontoon top level 63 Is aligned with a 
transverse internal bulkhead 67 within said first transverse pontoon section 10, and 

- a transverse inner side 66 which at least at pontoon top level 63 is aligned with an 
Inner side 65 of the first transverse pontoon section 10. 

15 In this embodiment, the outer side 64 of the first transverse pontoon section 10 
extends outside of the otherwise continuous external periphery 78 of the ring- 
pontoon 6 in such a way that a square step 80 is formed at each end of the first 
transverse pontoon section 10 in the transition to the edge-portions 23. However^ 
other alternative shapes of this transition may of course also be used within the 

20 scope of the Invention. Thus, Instead of a square step 80, the transition may be 
rounded or angled. 

It is to be understood that the invention is by no means limited to the embodiments 
described above, and may be varied freely within the scope of the appended claims. 
25 For example, the support columns 16, 18, 20, 22 need not necessarily be inclined as 
in the shown embodiments, but may Instead be conventionally extend vertically from 
the ring-pontoon 6 to the upper deck structure 28. 
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Semi-submersible Offshore vessel 
First end 
Second end 
Ring-pontoon 

Central opening In ring-pontoon 
First transverse pontoon section 
Second transverse pontoon section 
Longitudinal pontoon sections 
Support column, first end 
Support column/ first end 
Support column^ second end 
Support column? second end 
Edge portions of ring-pontoon 
First column pair 
Second column pair 
Upper deck structure 
Beams of upper deck structure 
Operation modules 
Operational draught waterllne 

Vertical portion of first column pair, with constant water-plane area 
Vertical portion of second column pair, with constant water-plane area 
Storm draught waterllne 
Vertical centerline 
Transition cone elements 
Catenary riser pipes 

Attachment points for catenary riser pipes 

Vertical line, along which the center of rotation is positioned 

Derrick 

Outer side of second transverse pontoon section 
pontoon top level for second transverse pontoon section 
Transverse outer sides of support columns in second column pair 
Inner side of second transverse pontoon section 

Transverse internal bulkhead in support columns in second column pair 
Transverse outer sides of support columns In first column pair 
Pontoon top level for first transverse pontoon section 
Outer side of first transverse pontoon section 
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65. Inner side of first transverse pontoon section 

66. Transverse inner sides of support columns in first column pair 

67. Transverse internal bulkhead In first transverse pontoon section 

68. Outer side of longitudinal pontoon sections 

6 70. Pontoon top level for longitudinal pontoon section 

72. Longitudinal outer sides of support columns 

74. Inner side of longitudinal pontoon sections 

76. Longitudinal internal bulkhead in support columns 

78. External pieriphery of ring-pontoon 

10 80. step In external periphery 



A. Vertical mean cross-section area of first transverse pontoon section 

B, Vertical mean cross-section area of second transverse pontoon section 
16 C. Vertical mean cross-section area of longitudinal pontoon sections 

D, Water-plane area of each of the support columns in the first column 
pair 

E. Water-plane area of each of the support columns In the second column 
pair 

20 F. Horizontal mean cross-seaional area of each edge-portion 

Wi Longitudinal mean width of first transverse pontoon section 

W2 Longitudinal mean width of second transverse pontoon section 

H Height of second transverse pontoon section 

a Inclination angle of support columns 
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5 CLAIMS; 



1. A semi-submersible offshore vessel (1) exhibiting a first end (2), for example 
constituting the forward end of the vessel, and a second end (4), for example 
constituting the aft end of the vessel (1) - or vice versa, said vessel (1) comprising: 

10 - a substantially rectangular ring-pontoon (6) Including a first transverse pontoon 
section (10) located at the first end (2) of the vessel (1); a second transverse 
pontoon section (12) located at the second end (4) of the vessel (1), said second 
transverse pontoon section (12) being parallel to the first transverse pontoon section 
(10), the ring-pontoon (6)- further including two mutually parallel longitudinal 

15 pontoon sections (14) extending between said first (2) and second end (4) of the 
vessel (1); 

- at least four support columns (16, 18, 20, 22) extending upwardly from respective 
edge-portions (23) of said ring-pontoon (2), said support columns (16, 18, 20, 22) 
being arranged in a first column pair (24) located at the first end (2) of the vessel 

20 (1) and a second column pair (26) located at the second end (4) of the vessel (1); 

- an upper deck structure (28) positioned upon said support columns (16, 18, 20, 
22), 

characterized in that: 

- the first transverse pontoon section (10) has a vertical mean cross-section area (A) 
25 which exceeds the corresponding vertical mean cross-section area (B) of the second 

transverse pontoon section (12), and 

- the support columns (20, 22) in the second column pair (26) each has a water- 
plane area (E) which exceeds the water-plane area (D) of each of the support 
columns (16, 18) in the first column pair (24). 

30 

2. A seml-submersible offshore vessel (1) according to claim 1, characterized In 
that the square root of the water-plane area (O) of the support columns (16, 18) In 
the first column pair (24) Is less than the longitudinal mean width (Wi) of the first 
transverse pontoon section (1). 
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3. A semi-submersible offshore vessel (1) according to claim 1 or 2, characterized 
In that the square root of the water-plane area (E) of the support columns (20, 22) 
in the second column pair (26) exceeds the longitudinal mean width (W2) of the 
second transverse pontoon section (12). 

5 

4. A semi-submersible offshore vessel (1) according to one or more of the preceding 
claims, characterized in that the second transverse pontoon section (12) has: 

- an outer side (54) which at least at pontoon top level (55) is aligned with 
transverse outer sides (56) of the support columns (20, 22) In the second column 
10 pair (26), and 

- an inner side (58) which at least at pontoon top level (55) Is aligned with a 
transversal internal bulkhead (60) within said support columns (16, 18) in the 
second column pair (26). 

15 5. A semi-submersible offshore vessel (1) according to one or more of the preceding 
claims, characterized in that the support columns (16, 18) In the first column pair 
(24) each has: 

- a transverse outer side (62) which at least at pontoon top level (63) is aligned with 
an outer side (64) of the first transverse pontoon section (10), and 

20 - a transverse inner side (66) which at least at pontoon top level (63) is aligned with 
a transverse internal bulkhead (67) within said first transverse pontoon section (10). 



6, A semi-submersible offehore vessel (1) according to one or more of the preceding 
claims, characterized in that the support columns (16, 18) in the first column pair 

25 (24) each has: 

- a transverse outer side (62) which at least at pontoon top level (63) is aligned with 
a transverse Internal bulkhead (67) within said first transverse pontoon section (10), 
and 

- a transverse Inner side (66) which at least at pontoon top level (63) is aligned with 
30 an inner side (65) of the first transverse pontoon section (10). 

7. A semi-submersible offshore vessel (1) according to one or more of the preceding 
claims, characterized In that the first transverse pontoon section (10) has a vertical 
mean cross-section area (A) which exceeds the corresponding vertical mean cross- 

35 section area (B) of the second transverse pontoon section (12) by a factor of 
between 1.5 and 4.0. 
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8, A semi-submersible offshore vessel (i) according to claim 7, characteriz d in 
chat said factor Is between 2,0 and 3.0. 



9. A semi-submersible offshore vessel (1) according to one or more of the preceding 
5 claims, characterized In chat the second transverse pontoon section (12) has a 

vertical mean cross-section area (B) which exceeds the corresponding vertical mean 
cross-section area (C) of each of the two longitudinal pontoon sections (14). 

10, A semi-submersible offshore vessel (1) according to one or more of the 
10 preceding claims, characterized in that the support columns (20, 22) in the second 

column pair (26) each has a water-plane area (E) which exceeds the water-plane 
area (D) of each of the support columns (16/ 18) in said first column pair (24) by a 
factor of between 1.3 and 2.5. 

15 11. A semi-submerslble offshore vessel (1) according to claim 10, characterized in 
that said factor Is between 1.5 and 2.0. 

12. A seml*submersible offshore vessel (1) according to one or more of the 
preceding claims, characterized In that the support columns (16, 18, 20, 22) are 

20 inclined upwardly and substantially radially inwardly from the ring-pontoon (6) to the 
upper deck-structure (28) towards a vertical centerline (42) of the vessel (1). 

13. A seml-submersible offshore vessel (1) according to one or more of the 
preceding claims, characterized in that said edge portions (23) of the ring-pontoon 

25 (6) each has a horizontal mean cross-section area (F) which equals or exceeds the 
corresponding water-plane area (D, E) of the respective support columns (16, 18, 
20, 22). 

14. A semi-submersible offshore vessel (1) according to claim 13, characterized In 
30 that said edge portions (23) include narrowing transition cone elements (44) adapted 

to bridge differences in cross sectional areas between pontoon sections (10, 12, 14) 
and said edge portions (23). 



35 



15. A seml-submersible offshore vessel (l) according to one or more of the 
preceding claims, characterized in that said second transverse pontoon section 
(12) has a height which exceeds its width (Wj). 
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16. A seml-submerslble offshore vessel (1) according to one or more of the 
preceding claims, charactarized in that one or more steel catenary riser pipes (46) 
are attached to said second pontoon section (12). 

5 17. A seml-submerslble offshore vessel (1) according to one or more of the 
preceding claims, characterized In that a derrick (52) for performing offshore 
drilling operations is positioned at said second end (4) of the vessel (1), 
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5 Abstract 

A seml-submerslble offshore vessel (l) exhibiting a first end (2), for example 
constituting the forward end of the vessel, and a second end (4)^ for exannple 
constituting the aft end of the vessel (1) - or vice versa, said vessel (i) comprising; 

10 * a substantially rectangular nng-pontoon (6) including a first transverse pontoon 
section (10) located at the first end (2) of the vessel (1); a second transverse 
pontoon section (X2) located at the second end (4) of the vessel (1), said second 
transverse pontoon section (12) being parallel to the first transverse pontoon section 
(10), the ring-pontoon (6). further including two mutually parallel longitudinal 

15 pontoon sections (14) extending between said first (2) and second end (4) of the 
vessel (1); 

- at least four support columns (16, 18, 20, 22) extending upwardly from respective 
edge-portions (23) of said ring-pontoon (2), said support columns (16, 18, 20, 22) 
being arranged in a first column pair (24) located at the first end (2) of the vessel 

20 (1) and a second column pair (26) located at the second end (4) of the vessel (1); 

- an upper deck structure (28) positioned upon said support columns (16, 18, 20, 
22). 

The invention is especially characterized In that: 

- the first transverse pontoon section (10) has a vertical mean cross-section area (A) 
25 which exceeds the corresponding vertical mean cross-section area (B) of the second 

transverse pontoon section (12), and 

- the support columns (20, 22) in the second column pair (26) each has a water- 
plane area (E) which exceeds the water-plane area (D) of each of the support 
columns (16, 18) In the first column pair (24). 

30 

(fig. 1) 
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